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By using solid-state reactions, we successfully synthesize new oxyselenides CsV2Se2−xO (x =
0, 0.5). These compounds containing V2O planar layers with a square lattice crystallize in the
CeCr2Si2C structure with the space group of P4/mmm. Another new compound V2Se2O which
crystallizes in space group I4/mmm is fabricated by topochemical deintercalation of cesium from
CsV2Se2O powder with iodine in tetrahydrofuran(THF). Resistivity measurements show a semi-
conducting behavior for CsV2Se2O, while a metallic behavior for CsV2Se1.5O, and an insulating
feature for V2Se2O. A charge- or spin-density wave-like anomaly has been observed at 168 K for
CsV2Se2O and 150 K for CsV2Se1.5O, respectively. And these anomalies are also confirmed by the
magnetic susceptibility measurements. The resistivity in V2Se2O exhibits an anomalous log(1/T )
temperature dependence, which is similar to the case in parent phase or very underdoped cuprates
indicating the involvement of strong correlation. Magnetic susceptibility measurements show that
the magnetic moment per V-site in V2Se2O is much larger than that of CsV2Se2−xO, which again
suggests the correlation induced localization effect in the former.
PACS numbers: 74.70.Xa, 74.25.Fy, 74.25.Ha, 81.20.-n
I. INTRODUCTION
The discoveries of cuprate[1] and iron-based[2] high-
temperature superconductors attract great attention on
the investigation of 3d transition-metal compounds.
In these two systems, the CuO2 and FeAs/FeSe pla-
nar layers with a square lattice play key roles in su-
perconductivity. Scientists are inspired to seek more
new superconductors from similar tetragonal layered 3d
transition-metal compounds. The AT 2Q2O compounds
(A = Na2, Ba, (SrF)2, (SmO)2, (LaO)2, etc.; T =
3d transition-meatal; Q = S, Se, As, Sb, Bi, etc.)
form a rich family which contains the [T 2Q2O]
2− lay-
ers separated by the A2+ units. The [T 2Q2O]
2− layer
consists of T 2O plane which has an anti-CuO2 struc-
ture, and the two Q-anions locate just above and be-
low the square plaque of T atoms. Among the family,
BaTi2Sb2O[3], Ba1−xNaxTi2Sb2O[4]and BaTi2Bi2O[5]
were discovered as superconductors with transition tem-
peratures of Tc = 1.2 K, 5.5 K and 4.6 K, respec-
tively. The superconductivity seems to coexist with a
charge- or spin-density wave (CDW/SDW) state. The
(LaO)2Co2Se2O[6] and (LaO)2Fe2Se2O[7] were shown
to be anti-ferromagnetic(AFM) Mott-insulators, which
are similar to the parent phase of cuprate superconduc-
tors. Recently, Le etal. suggested that the Ni-based
compounds (LaO)2Ni2Se2O containing the [Ni2M2O]
2−
(M=chalcogen) layers with the similar structure men-
tioned above may be potential high-temperature super-
conductors upon doping or applying pressure[8]. Further-
more, another system CsV2S2O[9] with the isostructure
∗Electronic address: zhuxiyu@nju.edu.cn,hhwen@nju.edu.cn
but different-valent [V2S2O]
− layer was reported to be
a paramagnetic bad-metal. Therefore it is very interest-
ing to explore and investigate the 3d (probably also 4d)
transition-metal systems with the similar [T 2Q2O] struc-
tural units.
In this paper, we report the synthesis and investiga-
tion on the new vandium oxyselenides CsV2Se2−xO(x =
0, 0.5) and V2Se2O. The powder X-ray diffraction (XRD)
confirms that these compounds have the same [V2Se2O]
layers, which belong to the family of AT 2Q2O. Through
the measurements of electrical resistivity and magnetic
susceptibility, we find that (i) The CsV2Se1.5O is a metal
with an anomaly at about 150 K; (ii) The CsV2Se2O
shows a semiconducting behavior with an anomaly at
about 168 K; (iii) The V2Se2O is an insulator with the
temperature dependence of ρ ∝ log(1/T ) in wide tem-
perature region, suggesting a Mott insulator behavior.
II. EXPERIMENTAL DETAILS
The CsV2Se2−xO(x = 0, 0.5) compounds investi-
gated in this work were synthesized by solid state re-
actions. Firstly, the precursor VSe2 was obtained from
the reaction of V powder(99.9% purity, Aladdin) and
Se powder(99.999% purity, Alpha Aesar) at 700◦C for
24 hours. Next, Cs pieces (99.9% purity, Alpha Aesar),
VSe2 powder, V2O5 powder(99.5% purity, Strem Chemi-
cals) and V powder(99.9% purity, Aladdin) were weighed
according to the stoichiometric ratio, put into an alumina
crucible and then sealed into two layer evacuated quartz
tubes. These procedures should be performed in a glove-
box filled with high-purity argon atmosphere. Then, the
tubes were heated in the furnace at 1080 ◦C for 15 hours.
After the pre-reaction, the mixture was ground in an
agate mortar, pressed into pellet and annealed at 1080
2O
Se
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FIG. 1: Synthesis and Schematic structures of CsV2Se2O and
V2Se2O.
◦C for 10 hours, to make the reaction more uniform and
perfect. Finally, we obtained the samples which are black
and insensitive to air or water.
The V2Se2O was synthesized by topochemical deinter-
calation method. Firstly, the CsV2Se2O powders and I2
grains(99.99% purity, Alpha Aesar) were mixed in 1:1
molar ratio and put into a teflon-linked stainless-steel
autoclave, which was filled with 10 mL water-free THF
liquid. Then, the autoclave was sealed and heated up to
60 ◦C and kept for 72 hours. The excess iodine reacted
with Cs-ions generating CsI and extracts all of Cs from
CsV2Se2O. The reaction process is displayed in the up-
per scheme of Figure 1. Next, the product was leached
by deionized water to wash out CsI and THF. Finally,
powders in black color can be obtained after dried in
nitrogen atmosphere at 60 ◦C. As shown in Fig 1, to
keep the structure stable, every neighbouring V2Se2O
layer should slide by 1/2 lattice constant along a- and
b-axes. The similar method has been used in synthe-
sizing Na1−yFe2−xAs2 system, MoS2, tetragonal Fe/Co
chalcogenides and so on[10–15].
In this study, powder X-ray diffraction (XRD)
data was obtained by using a Bruker D8 Advanced
diffractometer with the Cu-Kα radiation. The Ri-
etveld refinements[16] are done with the TOPAS 4.2
software[17]. The DC magnetization measurements were
performed on a SQUID-VSM-7T (Quantum Design).
The resistivity measurements were done on a Quantum
Design instrument Physical Property Measurement Sys-
tem (PPMS) with the standard four-probe method.
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FIG. 2: Observed (black crosses) and calculated (red lines, us-
ing Rietveld method) powder X-ray diffraction data of the (a)
CsV2Se2O, (b) CsV2Se1.5O and (c) V2Se2O polycrystalline
samples, together with the differences (gray line) between
them and the Bragg peak positions (vertical lines). The pink
and green lines of (c) show the calculated results using differ-
ent domain sizes.
III. RESULTS AND DISCUSSION
A. Sample characterization
Figure 2 shows the XRD patterns of the (a) CsV2Se2O,
(b) CsV2Se1.5O and (c) V2Se2O polycrystalline sam-
ples. They can be refined very well by Rietveld method.
The room-temperature structural parameters obtained
from the Rietveld refinement profiles are shown in Ta-
ble I. The observed diffraction peaks of CsV2Se2−xO (x
= 0, 0.5) are consistent with the tetragonal structure
(P4/mmm) with the lattice parameters of a = 3.979(8)
A˚, c = 7.934(2) A˚ for CsV2Se2O, and a = 3.991(9) A˚,
c = 7.898(8) A˚ for CsV2Se1.5O. As we can see, with de-
creasing the selenium content, the lattice constant c of
this structure shrinks. After reacted with iodine, the
Cs-ions are extracted from the structure. Due to ex-
tracting Cs from the material, the structural stability
requires the sliding of every neighbouring V2Se2O lay-
ers by 1/2 lattice constant along a- and b-axes. Hence,
the space group changes from P4/mmm in CsV2Se2O to
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FIG. 3: (a) Temperature dependence of resistivity in semi-
logarithmic scale for CsV2Se2O, CsV2Se1.5O and V2Se2O
samples from 2 K to 300 K at ambient pressure and zero
magnetic field. (b),(c) Temperature dependence of resistiv-
ity in linear coordinate for CsV2Se2O and CsV2Se1.5O, re-
spectively. The arrows indicate the transitions for the two
samples. (d) Temperature dependence of resistivity in the ρ
versus log(T ) for V2Se2O in the temperature range from 2
K to 300 K, together with the corresponding linear fit (pink
line). The upper inset shows the curve of lnρ versus T−1/4,
where the linear case would correspond to the VRH model.
And the lower inset shows the curve of lnρ versus T−1, where
the linear case would correspond to SPH model.
I4/mmm in V2Se2O. As shown in Figure 2(c), the data
can be well indexed with a tetragonal body-centered unit
cell(I4/mmm, a = 3.841(3) A˚, c = 11.658(4)A˚), except
for one or two very tiny peaks which are from impu-
rity. As we can see, the peaks in Figure 2(c) are broad
for the sample V2Se2O. We address this broadening of
peaks in the following way. Since the sample V2Se2O
is obtained by deintercalating the Cs from the parent
phase CsV2Se2O, the process may lead to the imperfect
crystallinity of the sample. There are some coherently
scattering domains which contribute to the x-ray diffrac-
tion peaks. For the Rietveld calculation, the width at the
half-maximum of the peaks change with the average size
of these domains. We did the simulation with different
average domain sizes and show the results with the pink
and green lines in Figure 2(c). It can be clearly seen that
the smaller domain size will lead to broader peaks. The
calculation result gives the domain size of 12.9 nm for the
V2Se2O polycrystal. The broad peaks of XRD patterns
are also observed in Na1−yFe2−xAs2[10] and tetragonal
cobalt chalcogenides[15] systems, which are also synthe-
sized by the deintercalation method.
B. Transport and magnetic properties
Figure 3(a) shows the comparison of the temperature
dependence of resistivity in semi-logarithmic scale for
TABLE I: Crystallographic data of CsV2Se2O, CsV2Se1.5O
and V2Se2O at 300 K.
compound CsV2Se2O
space group P4/mmm
a (A˚) 3.979(8)
c (A˚) 7.934(2)
V (A˚3) 125.671(7)
ρ (g/cm3) 5.708
Rwp (%) 7.54
Rp (%) 5.51
GOF 1.41
atom site x y z occupancy Beq
Cs 1b 0 0 0.5 1.09(8) 0.2137
V 2f 0.5 0 0 1 0.5032
Se 2h 0.5 0.5 0.213(9) 1.06(5) 0.4607
O 1a 0 0 0 1 0.1059
compound CsV2Se1.5O
space group P4/mmm
a (A˚) 3.991(9)
c (A˚) 7.898(8)
V (A˚3) 125.874(5)
ρ (g/cm3) 4.849
Rwp (%) 7.00
Rp (%) 5.27
GOF 1.81
atom site x y z occupancy Beq
Cs 1b 0 0 0.5 0.93(6) 0.6537
V 2f 0.5 0 0 1 0.5706
Se 2h 0.5 0.5 0.215(1) 0.79(3) 0.1018
O 1a 0 0 0 1 0.3942
compound V2Se2O
space group I4/mmm
a (A˚) 3.841(3)
c (A˚) 11.658(4)
V (A˚3) 172.035(0)
ρ (g/cm3) 5.324
Rwp (%) 3.47
Rp (%) 2.50
GOF 1.44
atom site x y z occupancy Beq
V 4c 0.5 0 0 1 0.2339
Se 4e 0.5 0.5 0.368(7) 1 0.8990
O 2a 0 0 0 1 0.1542
CsV2Se2O, CsV2Se1.5O and V2Se2O samples from 2 K
to 300 K at ambient pressure. It can be clearly seen
that resistivity of these three samples have a consider-
able difference in magnitude and behavior. Details are
shown in Figure 3(b)∼(d). The resistivity of CsV2Se2O
increases while cooling and then reaches 140 mΩ·cm at
2 K. Thus, CsV2Se2O can be regarded as a semicon-
4ductor or a weak insulator. While in sharp contrast,
the CsV2Se1.5O sample has a much smaller resistivity
and shows a metallic behavior above 38 K with a slight
upturn at low temperatures. The increase of resistiv-
ity with cooling below 38 K may be due to the weak
localization effect or some other effects. For both com-
pounds, an resistivity anomaly as marked by the arrows
can be observed in the intermediate temperature region,
which may correspond to the charge- or spin-density-
wave(CDW/SDW) or structural transitions. The tran-
sition occurs at about 168 K in CsV2Se2O and at about
150 K in CsV2Se1.5O. This CDW/SDW-like transition
was also observed in other AT 2Q2O compounds, such
as BaTi2Sb2O(Ts = 50 K)[3] and BaTi2As2O(Ts = 200
K)[18]. The intrinsic reason for these transitions is still
unknown, and more experiments should be done to iden-
tify them. In contrast, this kind of transition was not
seen in CsV2S2O.[9]
However, the V2Se2O sample exhibits a very distinct
electric transport property, as shown in Figure 3(a) and
(d). Firstly, the resistivity of V2Se2O is much larger than
that of CsV2Se2O and CsV2Se1.5O. Secondly, with de-
creasing temperature, it increases monotonously with-
out any anomaly. Surprisingly, the curve of resistiv-
ity versus logT becomes a nearly-straight line with a
negative slope from 2 K to 300 K. In other words, we
find the ρ ∝log(1/T ) in wide temperature range below
300 K. However, neither its parent compound CsV2Se2O
nor CsV2Se1.5O has shown this kind of behavior. We
also try to fit the temperature dependence of resistiv-
ity with other functions, such as the thermal activa-
tion model for a band insulator (lnρ ∝ 1/T ), or the
three-dimensional variable-range-hopping(VRH) model
(lnρ ∝ T−1/4, shown in the upper-right inset), and small-
polaron-hopping(SPH) model(ln(ρ/T ) ∝ −1/T , shown
in the bottom-left inset), but all these models fail to fit
the data. This implies that the V2Se2O system is an
insulator with an unusual electric transport mechanism.
This kind of logarithmic behavior, namely ρ ∝log(1/T )
was actually reported in the parent phase or normal state
of some cuprates, like underdoped La2−xSrxCuO4[19] (at
60 T) and overdoped Bi2Sr2−xLaxCuO6+δ[20]. In these
systems, the logarithmic behaviors are all observed at low
temperatures. But in the V2Se2O system, the logarith-
mic behavior is so robust and exhibits in a wide range of
temperature. At the moment we cannot give the explicit
reasons for this behavior. However we believe that it is
related to the electron correlation effect, and probably it
is a consequence of a Mott insulator.
Figures 4(a), (b) and (c) shows the temperature
dependence of magnetic susceptibility for CsV2Se2O,
CsV2Se1.5O and V2Se2O polycrystalline samples, respec-
tively. They are all measured at a magnetic field of 1 T
with zero-field-cooling mode. With decreasing tempera-
ture, the magnetic susceptibility of CsV2Se2O decreases
slowly from 300 K to 75 K, and then increases rapidly be-
low 75 K. But the magnetic susceptibility of CsV2Se1.5O
is always increasing with cooling down. Besides, it is
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FIG. 4: Temperature dependence of magnetic susceptibility
measured at 1 T for (a) CsV2Se2O, (b) CsV2Se1.5O and (c)
V2Se2O polycrystalline samples. The insets of (a) and (b)
show clearly two small kinks at 168 K for CsV2Se2O and 150
K for CsV2Se1.5O, at these temperatures we find anomalies in
their ρ(T ) curves. (d) Temperature dependence of 1/(χ-χ0)
for CsV2Se2O, CsV2Se1.5O and V2Se2O from 2 K to 40 K.
One can obtain a linear relation between (χ-χ0)
−1 and T in
the low temperature region.
worth to mention that two small kinks can be seen at
168 K for CsV2Se2O and 150 K for CsV2Se1.5O as shown
in the insets. At the same temperatures, two anoma-
lies are also found in their resistivity curves in Figure 3.
However, the magnetic susceptibility of V2Se2O increases
while cooling without any kinks, just as the performance
in the ρ(T ) curve. We have not found any trace of fer-
romagnetic order in all these samples. Furthermore, the
temperature dependence of magnetic susceptibility of all
samples show a divergence in low temperature region.
To further analyze the average magnetic moments from
the V-atoms in each sample, we try to use the Curie-
Weiss law to fit the data in low temperature region,
χ =M/H = χ0 +
C
T + Tθ
. (1)
where χ0, Tθ, and C are the fitting parameters. The
χ0 comes from the Pauli paramagnetism of the conduc-
tion electrons, which is related to the density of states
(DOS) at the Fermi energy. C = µ0µ
2
eff/3kB, where
µeff is the local magnetic moment per V-site. By ad-
justing χ0, this formula can also be written in a lin-
ear form, (χ-χ0)
−1 = T /C + Tθ/C. The slope of (χ-
χ0)
−1 versus T gives the value of 1/C and the intercept
gives Tθ/C. Figure 4(d) presents the temperature de-
pendence of (χ-χ0)
−1 from 2 K to 40 K for CsV2Se2O
(χ0 = 1.85024×10
−3 emu/mol·Oe), CsV2Se1.5O (χ0
= 1.24256×10−3 emu/mol·Oe) and V2Se2O (χ0 =
2.8075×10−3 emu/mol·Oe). The obvious linearity indi-
cates that the data in the low temperature region can be
fitted by the Curie-Weiss law perfectly. From the slopes
5of these lines, we obtain the magnetic moments per V-
site µeff = 0.117µB for CsV2Se2O, µeff = 0.169µB for
CsV2Se1.5O and µeff = 0.569µB for V2Se2O. Clearly
the V2Se2O sample has the largest magnetic moment.
Combining with the resistivity data, it is reasonable to
believe that the V2Se2O system with a larger magnetic
moment has a stronger electronic correlation which leads
to a worse electronic conduction.
IV. CONCLUSIONS
In conclusion, we successfully synthesize several new
layered vanadium based compounds, CsV2Se2−xO(x =
0, 0.5) and V2Se2O. By changing the deficiency of Se,
or completely removing the Cs we can tune the valence
state of vanadium, and the system can be tuned from
a metal (CsV2Se1.5O) to a strongly correlated insulator
(V2Se2O). In the system V2Se2O we find the ρ ∝log(1/T )
relation which is similar to that discovered in the parent
phase or the ground state of some cuprate superconduc-
tors. We attribute this feature to the strong correlation
effect. The vanadium based systems found here may pro-
vide very good platforms for investigating the balance
between the localization and itinerancy of 3d electrons.
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